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Final Report
L A Laboratory Study of the H ;-e¢’ Recombination Rate

In a collaboration with the Mats Larsson group from Stockholm, we carried out a new
measurement of the rate of dissociative recombination of Hj, using a new pulsed supersonic beam
source of rotationally cold H;. This source was first designed and characterized in our lab by IR
cavity ringdown spectroscopy, determining a rotational/translational temperature of 20-60K,
depending on conditions. This new source was then taken to Stockholm for the recombination rate
studies at the CRYRING storage ring. The recombination rate constant measured against
temperature yields values consistent with the most recent calculations, whereas previous

experimental measurements varied over a range of 10* and were poor agreement with theory.

This is a crucial achievement for understanding the ion chemistry of diffuse clouds.
Moreover, this result in combination with recent observations implies a greatly enhanced (factor of
40) cosmic ray ionization rate in a diffuse cloud (C Persei) relative to previous studies. The
implications of this are discussed in our recent Nature paper [B.J. McCall, A.J. Huneycutt, R.J.
Saykally, T.R. Geballe, N. Djuric, G.H. Dunn, J. Semaniak, O. Novotny, A. Al-Khalili, A.
Ehlerding, F. Hellberg, S. Kalhori, A. Neau, R. Thomas, F. Osterdahl, and M. Larsson, “An
enhanced cosmic-ray flux towards T Persei inferred from a laboratory study of the H;-e”
recombination rate,” Nature 422, 500-502 (2003)].



II. IR Cavity Ringdown Spectroscopy of Carbon Clusters

We have continued to develop the requisite technology for extending cavity ringdown
methods throughout the mid-IR — a necessary step for a systematic study of carbon clusters. Our
pulsed high resolution (Alexandrite laser-based) system has been refurbished with a new
technology for triggering the flashlamps while in cavity lock. This has resulted in much improved
reliability and spectral bandwidth (now < 60 MHz), but somewhat degraded ability for externally
locking to the laser vaporization source. We are currently working on schemes to improve the
latter. A paper describing the design, construction, and performance of our pulsed, high resolution
mid-IR cavity ringdown system (largely based on a study of the C, cluster) was publiched [R.N.
Casaes, R.A. Provencal, J.B. Paul, and R.J. Saykally, “High resolution pulsed infrared cavity
ringdown spectroscopy: Application to laser ablated carbon clusters,” J. Chem. Phys. 116, 6640-
6647 (2002)].

IIl. Mid-IR Water Recombination Lasers

We reported the discovery of a large number of mid-IR lasing transitions in pulsed
supersonic plasmas containing helium and H,O [Chem. Phys. Lett. 338, 277-284 (2001)]. This
work has now been extended to pure hydrogen discharges, where over 12 IR laser lines have been
discovered. Moreover, additional transitions in He/H,O discharges have been found and tentatively
assigned to the H,O" ion. We believe that these lasers are driven by electron-ion recombination,
and that this mechanism may be operative in appropriate interstellar sources.

IV.  Single Photon Infrared Emission Spectroscopy (SPIRES) of PAHs and PAH Cations

We have published the first detection of laboratory IR emission spectra from gaseous PAH
cations [Phys. Rev. Lett. 86, 5691 (2001)]. The spectra of pyrene cation, measured by our SPIRES
spectrometer in an ion beam, generally agree well with both UIR bands and with matrix isolating
spectra. We have also published a detailed report on this work, additionally describing spectra of
dehydrogenated PAH cations observed in the SPIRES experiment, as well as the design of the
experiment itself [H.-S. Kim, and R.J. Saykally, “Single Photon Infrared Emission Spectroscopy
of Gaseous Polycyclic Aromatic Hydrocarbon Cations: A Direct Test for Proposed Carriers of the
Unidentified Infrared Emission Bands,” Astrophys. J. Supp. Series, 143:455-467 (2002); H.-S.
Kim, and R.J. Saykally, “An ion beam reflectron/ single photon infrared emission (SPIRE)
spectrometer for the study of gas phase PAH ions: testing proposed carriers of the unidentified
infrared emission bands (UIRs),” Rev. Sci. Instrum. 74, 2488 (2003)].
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